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I was happy when Mrs., Gimbel and Dr. Rinkel invited me to come to
perticipate in this meeting, and I have been happy to attend the symposium on
the chemical basis of mental disease,/and to be assoclated with the Manfred
Sakal Poundation, because of its dedication to the job of diminishing the amount
of human suffering in the world.

Recently, the world has been changling at a tremendous rate. Techno-
logical advances are such that the world is not the same one year as it was the
year before. Tremendous wezapons of destructiogf'are developed. The stresses
under wt which people live become ever more oppressing, There ates from the
centers of governments a special sort of irrationality. ere are rejections of
dogma and’gevelation/ the old principles of conduct. We are forced to strive
for a fundamental, ethieal, and philosophical principle under which we can live,
if the world i1s going to survive.

I think that the fundamental f ethical principle that everyone can accept
is that of the minimization of human suffering. This is not the same a8 maxi-~
mizing the amount of happiness in the world. If we take money as the criterion,
to increase the income of, say, a billon people by a hundred dollars a year 1s
not at all equivalent in the amount of happiness that it causes to decreasing
the income of the other two billion by half of that amount. It is the‘?uffering,
'% human suffering >that we have to pay attention to.

A8 the means of commmication and transportation, telephones, telegraphs,
the press have developed in the world, the nature of the human race has changed.
No longer are individual human beings the units. They are now bound together
by these means of communication in the same way that the cells of an individual
human body are bound together by the nerves that interconnect them, in such a way

that the whole human race is becoming one organism, and a special ethical
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principle will have to be developed under these circumstances. But it must not

be an ethical principle that places the survival of society or the race abgye

the value, the worth of the indi‘&dual human being. M—ﬂm
-Ko;—ggere are many causes of human suffering. In some parts of the

world/ starvation, malnutrition, infectious diseases are the pri{xcigall causes;

but everywhere mental disease is an important cause, and mthaﬂ o;'k ;:E)e.

hospital beds in the country are occupied by mental patients. Mental disease

causes a pxxkim particularly great amount of suffering for two reasons:

First, it may contin;::m in an individual year after year, Fo—FHmctuales—jge causing

great suffering for mmmy and his friends and relatives. And second, often it

attackas some of the W most able of our people, s

g{t may well be that schizophrenis 18 an especislly significant disesse

for the most able intellectuals. This is s disease that we must attack. We must

cut down on the amount of suffering caused by mental illness.

I am grateful to the psychiatrists. For several yeara/@-ﬂem

%I have had close contect with them, =

ek because I became interested %

% in the question of how mim chemistry might contribute to medicine,
might be used in diminishing the amount of human suffering, amg\c%eeided that
mental disease was the fleld in which there was the greatest need of effort.

% I am grateful to the psychiatrists, even though they do a )\:XQ;)L

poor jobJ because they don't know how to do any better. They use crude methods,

N
insulin shock, electro/-ahock therapy, damaging the whole human organism in the

hope that the new changed individual will be in some way improved.
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T W
% use drugs % ataractic drugs,thl
W through any process of m

found g8, for some patients, HESR-Joyge-aie-helpttdyin £
I hope that the psychiatrists will not have to Work longer under thi?t&(
terrible handicap of extreme ignorance, and I am encouraged by the W

%W@—e:e;ed at this symposim

alsahie-lggdsc about abnormalities in the biochemistry of schizophrenie in-

as compared

with other human beings.

I am encouraged to belleve that the tinme ﬂ:ill come before long, in ten

o)

qu-wg}r\ twenty yea.rs)\rhen, if enough there

will be some significant fundsmental, basic understanding of the nature of the
W group of dlseases that we classify as schizophrenia, andtfé;cher
mental diseases, comparable to that ’oha'{s exists now for a few other / diseases
that are called molecular diseases.

I believe that most mental diseases are molecular diseases, the result
of a biochemical abnormality in the human body. ﬁ’% I think that the
psyche, Wthe mind, is a manifestation of the structure of the

brain, an electrical oscillation in the brain supported by the material structure
\ ] )

of the bra:l.n)em&wd“ be
abnormality in the %chmca& structure of the brain itself,usually

W, o
sxoonoooodim Xttty ueitey _gfog hereditary in character, gometimes
DN
caused by sgfp abnormality in the environment.
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P,‘J_'I..a.gra. 1s an example of a disease Hhsh

mental manifestations A Was prevalent years ago. It m a deficilency disease, W
Q
ef—;cau-? lack of vitamin, nicotinic acid. This discovery has led to the solu-

tion of the Wlagra problem in many parts of the world.

/\V'—\,_/
Cﬂé‘e fielﬁ of mental deficlency,}fhere is some ‘understanding about
W
Wml&ﬂw mental disease) Jo¥ examplen the disease pumy

phenylketonuria, first identified 30 years ago by Dr. % in Oslo, Norway,

NN e

who checked up on some mentally deficient children who had an odd smell/ and
found that there were some unusual substances present in their urine) w tﬁ

further investigation by him and other scientists led to 7\ iscovery that these f’l

3

children lack an enzyme in the llver that cat. s the ox.tiation of an amino )

acid, phenylalanine P

stream and cerebrospinal fluid to high concentration.s) m interferes

to tyrosine, so that the phenylalanine buildé in the blood~ ‘-
A /

\

with the development mf and function of the brain)and leads to mental deficiency. )

\\ Foe [W\gzj

— ,_...



about 20 differentkacids: glyfcina » alanine, Qerine, tyref§ine,

W and so on, We eat more)\than vwe need of—it, A1:1<:a1: quite
Mo toan WQM‘ED.J

enough tymine,-%) enzyme W catalyzes the oxidation of

(uo;t pecple have two genes )tha-t they have inherited from

their pa.rents) that manufactuee the enzyme/ in the liver to do

this job, One person in 80 has one gene that manufactures the

A\ Lo wdt

enzyme)and‘,ene damaged)mutated W gene that wamdt ,\mnu‘-

\.Q(‘ Qfev./) (V-3 M )
%’6 . enzyme that a nmrmal person has, But—theblbs- enough to keep
A

them in good health,
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But if two of these people marry cne another, Wthere occurs the
+ M

great lottery;# the child 1.nher:ltsA
end-iha-nothag s of the two genes the father Apne of the two from the
mother, a quarter of the children ‘ﬂ*a inherit B‘P roal gene of the

father and a& abnormal gene of the mother, \qeithe;ﬁh 11 mammfacture the enzyme.

i There 18 none of %enzyme in the liver. As the child eats its
food the phenylala.ninﬁds mwnm/(causmg him to be
Ry ﬁwe 52) },}2 0
?

mentally deficient gawali=nbuligesigy-severe eczma/ and other manifestatlons
that k gew

I ’ But when this ledge was ?btained, it was

ahewld-tent fe

&

.

o few weeks after birth., o=

V.
zhia disease, which ’Aresponsible for 1 per cent

of the institutionalized mentally deficient individuals in the Unlted States 5

nov may be brought under eontrol because of the discovery about its nature.

|
$Z» molecular disease Jurb

which I have a personal

connection, because 1ts molecular natu.;:'e was discovered by three of my
students working in Pasadena 13 years ago.

It is a disease of the blood, apdels a v important one. Perhaps
10 or 20 thousand people in the world die of :l.fA' Chm. are born with this
disease) #fiey suffer for o few years and then die@ Doyl
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This disease 18 a disease in which the ) red cells of the blood are
twisted out of shape. Often, instead of being flat, they are twisted into a
sort of crescent shape that looked to Dr. KHerrick in .191.1 mlike a

xixkmsickle with which one cuts grass. He named 4 fSickle cell amenis. d&t—t»
[

Hemoglobin mskes up@l per cent of the weight of smeiciiifeddemi O

human belng, =¥

Anvesiigumette It is a wauﬁful protain, red, because the molecule,
which h;u\'about 10,000 atoms );tg; has 4 ion atoms which are able to combine
with oxygen in the lungs and carry the oxygen out to the extremities.

The red cells of these patients with Sickle cell anemla have these red
cells which are twisted out of shape. They are only twisted out of place in the
venous blood, not in the arterial blood. There they have the normal shape. As
you see, there is the cleavage.

It is highly peaxh¥ probable that it 1s the hemoglobin k molecule then
that is responsible for the disease, becanse in arterial blood you don't have
hemoglobin; you have instead oxygen; whereas in venous blood, there is something
different. If these patients manufacture a sort of hemoglobin was different
from that which normel individuals mamufacture, these might be sticky molecules,
self-complementary, such that they would clamp ontc one another to form long
rods which would line up side by side to form a long needle-like thing.

It would be longer than the diameter of the red cell, and it would twist itself
out of shape. They would be sticky and get tangled up with themselves and

prevent the flow of blood through the capillaries and the vadous manifestétions
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of the disease would occur.

So, Dr. Tunneau and Dr. Singer, and Dr. Wells, after a while, with
encouragement, carried out an experiment. They put a little drop of xxkm
salt water, with electrodes at the ends -~ a positive electrode and a negative
electrode -- and intxfoduced a drop of hemoglobin froma normal human being.
In this colorless liquid, under the influence of the electric current, it moved
over toward the pesitively-charged electrode. It had a negative electric

charge.

When a drop fxm of blood from a patient with the disease was put in
the trough, it moved over to the negatively-charged; 4if it had a positive
charge, it had to be different from the normal hemoglobin in the red cells of
normal individuals.

If you mixed these two and put a drop of the mixture in the electric
field, they separated; part of the blood moved this way; the rest that way.
Then when they got blood from the father of the patient and the mother of the
patient -~ and gmk Dr. Tunnesu of our laboratory put a drop of hemoglobin from
the father of the patient -- that blood split in half; half moved toward the
anode, and half toward the cathode; and similarly for the mother.

This made the nature of the disease clexr. The father and the mother
had one normal gene that mamifactured normal hemoglobin. Each had a normal
gene, and each had an abnormal gene, and each of these genes manufactured its
own kind of hemoglobin. Here we had an abnormal hemoglobin. And the patients
had inherited only the abnormal gene of the father and only the abnormal gene
of the mother.

Here was the demonsiration, for the first time, of a disease of the

hemoglobin molecule that produced the manifestations of the disease Sickle
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cell anemia.
That isn't the whole of the story. A month or two later, Dr. Tunneau

brought in some blood from another patient who had a stlll more abnormal
hemoglobin, which was named Hemoglobin C, and then Hemoglobin D, Hemoglobin E,
Hemoglobin G, Hemoglobin H, Hemoglobin I -- scme 30 or 4O of these. I haven't
kept treck of them. Otu of these,abnormal hemoglobing have been found, many

of them associated with the disease, even with diseases mk that result in sort
of hybrid diseases that result from the inheritance of a Sickle cell amenia from
one parent and the inheritance of a C gene from the other. Xamwxgewe Nelther
of these genes alone, in single dose, causes s disease that amounts to anytying,
but the patient who has inherited both the first abnormslity and the second ab-
normality in single dose has a disesse, a new kind of hybrid disease, hemolytic
anemia.,

This example, I think, indicates what we can expect to find in schizo-
phrenia, not that there is a gene for schizophmenia, such that when the patient
inherits this gene in Bouble dose he is schizophrenic, but rather that there are
many genes such that any one of them, when present in double dose, or perhzps one
single dose, and another one in single dose, or it may even be a combination of
several of these genes, produces an abnormality, a quantitative abnormality to
make it difficult for the individual to accept reality, to think in the normal
state, or to retain his sanity under the normel stresses of living, or increasing
stresses of living in the modern world..

There may be factors involved in schizophrenia that come from the out-
side deficiency factors, some lack of some vitamins, or perhaps toxic chemical
substances that are present. Who knows?

The evidence that was presented to the symposium about the presence of

some sort of a biochemical abnormality in the blood assoclated in some way with
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the globulin fractlion of the serum of the blood seem to me to be very suggestively
convineing, because several groups of good investigabtors from different places
using different methods of investigstion had obtained somewhat simllar results
with the methods.

I feel this is a strong indication of an abnormality that is present
also in the brain and that is involved in the disease -- in some of the dis-
eases that we classify as schizophrenla. OF course, this rmitiple character
of a dlsease will make it difficult to fipnd a cure, a treatment. But for all
kinds of schizophrenia, I can't say that I have any hope that mental disease
can be brought completely under control. But I do belleve that a tremendous
amount of progress can be made in controlling it, and in decreasing the amount
of humen suffering that is involved.

There are ways for treating diseases that can be envisaged that have
not yet been brought into practice and that are worth serious effort. For ex-
ample, in an enzyme deficlency disease, galactocemle, or maony of the other
enzyme deficiency disesses. With the progress in our knowledge about the nature
of enzymes, the structure of protein molecules, it will before long be possible
to synthesize artificlal enzymes that will have enzymic activity to perhaps
implant a capsule containing some stable artificial enzyme as a substitution
therapy that permits the patient to get along well in the course of his life,
possibly wlth an occasional replacement.

Rew drugs will be discovered, some of them by the same mgpx empérical
gr 88, by means of which the Aborigines discovered the R efficacy of chewing

%w in the treatment of malaria.

But the time will come when we shall have enough understanding of the
nature of mental disease to be zble to syntheslze drugs to order that will be
specific for a particular disesse that will operate not in the rather generally

nonspecific monner of the present drugs that are effective, that have changed
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the character of mental hospitals greatly, but that nevertheless will sill
have to be described as representing a sort of shotgun attack on the problem
of the golution of disease.

In the case of diseases, congenital diseases Ilnvolving gene abnormalitles,
we have now to recognize the possibility of the )Dﬁs.kreplaeement -~ replacement
introduction into the defective individual of }ﬁg molecules that will serve the
purpose of the molecules that they did not inmherit from their parents.

But, all of these are palliative measures. They are not the solution
of the problem. The pool of human germ plasms, you know, continues to degenerate
day after day, as the natural mutagenic agents, nstural radloactivity, other
mitagenic substances, and those chemicals and artificial high energy radiation
that constitute a part of our modern life damsge the D% molecules constituting
the pool of plasma. It is a very precious one.

A person can inherit about 100,000 molecules of Dm, 50,000 from his
father, and 50,000 from his mother. I; all of these inherlted by every one of
the 2 billion persons now living on earth were to be brought together -~ could
be brought together -- they would constitute a mass of about 4 milligrams, the
size of 4 pinbesds.

This is the pool of human germ plasms that I am concerned sbout. It
becomes dameged -- damoged day after day by mutegenlc agents, and 1t isxpoowkfimt
purified. There 18 a natural process of purification that goes on. New genes
for pumwmxix phenyluria are caused by thies mutation process. The probability
is something like one in a hundred births, or one in 50,000 children has a new
gene for this. For example, there is a dominant gene that causes dwarflsm.

It is a dominant gene. The parents of a child who did not possess the abnormal
genes, but had two normsl genes instead, would between the conception of the

parents and the conception of the child produce an abnormsl gene that he inhexted.
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One child in 12,000 inherits this.

There is the disesse cystic fibrosis. One child in 800 has inherited
from 1ts parents two genes for cystic fibrosis which give him this very
serlous disease -- and we don't know what these genes do. This is without
doubt a molecular disease, but the protein molecule that is abnormal has not
been identified.

Now when these defective children are born and die without progeny,
they remove from the pool of human germ plasma 2 of the defective genes, and
80 there hes been a steady state, such that some 4 per cent of the children who
are born have some degree of mental defect; some 7 per cent are congenitally
defective & either physically or chemically.

I belleve that it is possible for us now to begin to carry out the
process of purifying the pool of humen germ plasma at a rate to keep up with
this continued contamination, without the suffering that is involved in the
birth and death, B without progeny of the defective children. If two parents
have a phenylalanine, then it is known that they are earriers of the gene for
pepxphenylketomuria for each successive child; the chances are 25 per cent
that the child, this chidd, too, will be defective. If two parents have a
child with cystic fibrosis, or with many other diseases, Tas{cks disease,
n:l.:d.ntax disecse, we developed a test, a rather difficult one, for detecting
the heterozygous for phenylkefonuria. One of the parents involved came to see
us later. His wife had died. He knew that he and his first wife, if they
bad had further children, there would have been the 25 per cent chance. He
came with a young woman that he wanted to marry, and he said he wanted to know
whether she carrlied the gene for phenylketonuria. After the test was made,
he was told she was not a carrlier for phenylketonurias; that they could get
morried, and that none of their children would have the disease phenylketonuriaj;
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of course they would have some other defects, because everyone inherits some
congenitol defects, mainly minor ones. The ﬁinor ones are not to be laughed

at. They are a cause of a tremendous amount of humsn suffering, because they
are not enough to prevent procreation, =nd the genes are passed on for genera-
tion after generaztion causing contimuous adding to the amount of humon suffering
in the world.

But it is possible in many cuses now to say that sffpxiwmexgf offspring
in this marriage would have a 25 per cent, each child belng grossly defective.
This 18 o great amount of human suffering, and I would say that it 1s too great
a chance to be tauken; that o chance as great as 25 per cent of giving birth to
a defective child, increasing the amount of bumsn suffering is so great that
this matter should not be left to a combination of ignorance combined with free
enterprise in life as is customary at the present time.

People need knowledge. Pecople need to know what their situation 1s,
and then of course to decide for themselves in thege personal matters. I do not
advocate legal action. I do not advocate eugenics as a means of improving the
race. We don't know enough about how tc improve the race; but we do know some-
thing about how to decresse the amonht of humsn suffering, and if s heterogzynl
were to marry a normsl individusl as this man, the father did, then half of
those children would inherit his gene. If the only thing that was done as a
resiit of =kmx increase in knowledge was to get people who possessed defective,
seriously defective genes of a certain sort to marry other people who do not
possess these genes, then there would be no elimination of the defective genes
from the pool of human germ plasma, and pretty soon everyone would have o
grecter chance of being defective than he has at the present time.

I think that in the case of people who know that they are carrying a
gene, = recessive gene for a serious disease, should marry normal individuals,

and then have a somewhat smaller number of children than normal,
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one or two children, rather than three or four. In this way these defective
genes would be removed from the pool of human germ plusma slowly, perhaps at o
rate thot they are now being removed by the desth and suffering of the defectlve
children, but without the death and guffering of these children. This, I believe,
is a hurwine and rational wiy of attacking the problem of disease, congeniti)
disense coused by mulsted genes, o woy that does not iavelve the birth and
suffering of defective children, ond 28 the years go by, we shzll be able to
obtain for mental diseszses, too, rore and more knowledge zbout the disenses ond
methods of predicting whether one union hos 2 @ high probability of leading to
these defective births.

But, of course, we must also consider the question of pallistive treant-
ent. I wish t;h:;t the support for investigntors who ure studying the bio-
ghemical abnornalities of schizophrenic individurls could be doubled, tripled,
quodrupled. You know there nre plenty of sclentists, very sble people in the
world, who would like to be working on problems 1like this, but who are instend
working on other problems the nuture of which I haven't tinme to go inmtc. But
we have no need to have technologlcsl sclentific unemployment resulting from
disarmoment. There is plenty of roocm for the scientlist to do for the benefit
of buwron beings 4in the United Stotes and =11 over the world.

I believe thot we ore golng to have o better and n better world in the
future, and that the scientists are going to do their port in contributing to
it «- and of course with the help of the psychiatrists, people who work in the
field of mental disease. We couldn't get snywhere without the help of the
poychiatrists.

I want to say sgoin that as I have become ~cquointed with nore ond
more paychiatrists-- ond our eldest son is a psychiatrist now, 37 yeors old, ond
I think moking 2 suceess in this profession, he seems to me to be o very good

men, one of the soundest, most well-balonced men that I lmow. I thirdk thet
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he is good for his patients; no doubt does the best thut he can for his
patients. I hope thnat =y ussocintes ~nd I out in Pasadems will, as we con-
tinue with our work, which is on « smull scale, coarried cut not with the hope
that we coan meke any mmek epoch-muking discoveries, but with the firw con-
fiction that we con do sometHng thet will be of aid to him in his future
work, and to 211 of the fine medical men in the world who are devoting them-
selves to the trentment of the mentally 111.

Thank you.

SR



